1. Background {#sec59583}
=============

For many years, operative mortality was the sole criterion used for evaluation of patient outcomes and many studies analyzed the mortality of cardiac operations; but, the studies that concentrated on analysis of perioperative morbidity and its influence on global early and late outcomes are much fewer. It is clearly known that other nonfatal postoperative complications can significantly impact not only the perioperative period but also the patient's quality of life ([@A20331R1], [@A20331R2]). Therefore, identification of risk factors for increased perioperative morbidity in cardiac surgery may provide valuable information, which may subsequently be used to improve the quality of care. The role of low-grade inflammation in pathogenesis of atherosclerosis and its acute complications has been well-recognized ([@A20331R3]) and several biological markers of inflammation like albumin concentration ([@A20331R4]), body mass index (BMI) ([@A20331R5]) and C-reactive protein ([@A20331R6]) predict cardiovascular risks ([@A20331R7]). One of the most readily obtainable indices is the preoperative total lymphocyte count (PTLC), a simple inflammatory marker, which is found to be a significant independent predictor of adverse outcomes in patients with coronary artery disease ([@A20331R8]-[@A20331R12]). The prognostic role of PTLC has not been highly investigated in cardiac surgery, but it is known that PTLC is a significant predictor of mortality among patients who have underwent coronary artery bypass graft (CABG) ([@A20331R13]-[@A20331R16]) or other cardiac surgeries. It is known that lymphopenia is an unfavorable prognostic factor in oncology ([@A20331R17]), patients with dialysis-dependent chronic renal disease ([@A20331R18]), elderly patients with cervical hip fracture ([@A20331R19]), patients with coronary atherosclerosis (CA) ([@A20331R10], [@A20331R12]), and ones with chronic or acute heart failure ([@A20331R20]-[@A20331R23]). Malnutrition ([@A20331R24]), increased corticosteroid hormones, cortisol, and catecholamine in blood in response to a pathologic process ([@A20331R25]), impairment of the microcirculation, and hypoxia, are responsible for reduction in amount and functional capacity of lymphocytes ([@A20331R26], [@A20331R27]). The prognostic role of PTLC has been investigated in noncardiac surgeries ([@A20331R12], [@A20331R28], [@A20331R29]). However, its prognostic value remains undetermined.

2. Objectives {#sec59584}
=============

The objective of this study was to investigate the prognostic value of TLC in survival of patients under cardiac surgery with cardiopulmonary bypass (CPB).

3. Patients and Methods {#sec59588}
=======================

Of 1604 patients scheduled for cardiac surgery between September 23, 2012 and March 20, 2013, a total of 1171 consecutive patients (753 males and 418 females; age range: 18-80 years old) underwent elective primary cardiac surgery at Rajaei Cardiovascular Medical and Research Center. The study protocol was approved by the Division Ethics Committee of our institute as a retrospective observational study. The patients' records regarding preoperative age, gender, BMI, ejection fraction, type of surgery, CPB time, white blood cell (WBC) lymphocyte, morbidity and mortality in hospital, and duration of ICU stay were stored in our database. The only inclusion criteria were a preoperative complete blood count and using standard and similar anesthetic medications in all of patients. Exclusion criteria included: ages below 18 or over 80 years old (n = 133), emergency surgery (n = 201), congenital heart disease (n = 56) or previous open heart surgery (n = 33), chronic inflammatory or autoimmune diseases, and bacterial or viral infection during two weeks before the surgery (n = 10). Demographic variables, some of coronary artery disease risk factors (diabetes), operative variables (CPB time), left ventricular ejection fraction, and postoperative mortality and morbidity rates were analyzed retrospectively ([Tables 1](#tbl15202){ref-type="table"} and [2](#tbl15203){ref-type="table"}). We obtained the left ventricular ejection fraction from echocardiography reports. To study the baseline characteristics according to PTLC, all analyses were conducted using blood samples obtained during 48 hours before the surgery. The patients were divided to three groups depending on their preoperative PTLCs; group one: ≤ 1000 cells/µL, group two: 1001-1500 cells/µL, group three: \> 1500 cells/µL. In our study, the primary outcome measures were mortality and morbidity.

3.1. Type of Outcome Measures {#sec59585}
-----------------------------

Mortality was defined as in-hospital mortality and morbidity as organ failure immediately after surgery, which was likely secondary to the effects of surgery and cardiopulmonary bypass and resolved without affecting serious outcome. Conversely, organ failure after prolonged ICU stay was likely secondary to nosocomial infection and profoundly influenced the outcome. Three morbid postoperative events, either life threatening or potentially resulting in permanent functional disability, were analyzed, which were mediastinitis, renal failure, and cardiovascular failure. A model for composite morbidity (association of two or more major morbid events) was also developed. Except for mediastinitis, which was evaluated as an in-hospital event, morbidity complications were analyzed as events occurring during the ICU stay, unlimited in time. Postoperative complications were classified as cardiac (e.g. acute myocardial infarction based on electrocardiograms (ECG) and/or enzyme alterations, arrhythmias requiring treatment, pulmonary edema, congestive heart failure, low cardiac output syndromes, patients requiring post-bypass intra-aortic balloon pump or inotropic drugs, etc.) and noncardiac (eg, dialysis-dependent acute renal failure (ARF), liver insufficiency, gastrointestinal complications, cerebrovascular accidents, infectious complications, ICU stay more than three days defined as a prolong stay, etc.). Of 1171 patients operated on CPB under mild hypothermia, 674 underwent CABG surgery; 363 underwent valvular surgery (valvular replacement or valvular repair) and 134 underwent CABG in association with valvular surgery. Protocol of anesthetic medications was used in all of patients similarly and according to standard. Before the induction of anesthesia, all patients were premedicated with intramuscular lorazepam 1 mg and morphine sulfate 0.1 mg/kg, one hour before entering the operating room. Induction of anesthesia under ECG monitoring, pulse oximetry, invasive arterial blood pressure with etomidate 0.2 mg/kg, sufentanil 2.5 μg/kg and cisatracurium 0.2 mg/kg and maintenance of anesthesia after insertion of central venous line with continuous infusion of midazolam, sufentanil and atracurium, was performed in both groups. All patients underwent a full median sternotomy. Antegrade crystalloid or blood cardioplegia was used depending on the surgeon's preferences. All the patients were admitted to the ICU after the surgery. When there was no evidence of bleeding and the patient was awake, cooperative and comfortable, cardiovascularly stable, normothermic, and with an acceptable blood gas on FIO~2~ ≤ 0.4, positive end-expiratory pressure ≤ 5 cm H~2~O, pressure support ≤ 10 cm H~2~O, tidal volume ≥ 5 mL/kg, and spontaneous respiratory rate \< 20/minute, extubation was undertaken.

###### Baseline Characteristics According to the Preoperative Total Lymphocyte Count ^[a](#fn11811){ref-type="table-fn"},[b](#fn11812){ref-type="table-fn"}^

                           PTLC ≤ 1000      1000 \> PTLC \< 1500   PTLC \> 1500    P Value
  ------------------------ ---------------- ---------------------- --------------- ---------
  **Number of patients**   26               380                    765             
  **Age, y**               52.62 ± 17.36    56.07 ± 15.30          56.71 ± 14.31   0.325
  **Sex, male/female**     19/7             245/135                489/276         0.630
  **BMI, kg/m** ^**2**^    22.54 ± 2.25     24.02 ± 2.50           24.89 ± 2.37    0.0001
  **Surgery type**                                                                 
  CABG                     5 (0.7)          147 (21.8)             522 (77.4)      0.0001
  Valvular                 12 (3.3)         150 (41.3)             201 (55.4)      0.0001
  Valvular + CABG          9 (6.9)          82 (62.6)              40 (30.5)       0.0001
  **Mean LVEF, %**         32.5 ± 7.80      38.56 ± 7.41           46.58 ± 5.65    0.0001
  **CPB, min**             230.04 ± 71.16   138.54 ± 30.9          78.82 ± 20.63   0.0001
  **Diabetes**             14 (5.2)         203 (75.2)             53 (19.6)       0.0001
  **Lymph, cells/µL**      922 ± 36.33      1312 ± 129.97          1846 ± 175.43   0.0001

^a^ Abbreviations: BMI, body mass index; LVEF, left ventricular ejection fraction; CABG, coronary artery bypass graft; CPB, cardiopulmonary bypass; PTLC: preoperative total lymphocyte count.

^b^ Data are presented as No. (%) or Mean ± SD.

###### Postoperative Complications and Mortality According to the Preoperative Total Lymphocyte Count ^[a](#fn11813){ref-type="table-fn"},[b](#fn11814){ref-type="table-fn"}^

                                 PTLC ≤ 1000   1000 \> PTLC \< 1500   PTLC \> 1500   P Value
  ------------------------------ ------------- ---------------------- -------------- ---------
  **Number of patients**         26            380                    765            
  **Inotropic support**          25 (8.2)      223 (73.1)             57 (18.7)      0.0001
  **IABP support**               9 (18.4)      32 (65.3)              8 (16.3)       0.0001
  **Infectious complications**   22 (14.6)     117 (77.5)             12 (7.9)       0.0001
  **Dialysis-dependent ARF**     21 (38.2)     33 (60)                1 (1.8)        0.0001
  **Morbidity**                  25 (7.5)      247 (74.2)             61 (18.3)      0.0001
  **Prolong ICU stay**           26 ± 0.27     378 ± 0.50             765 ± 0.25     0.0001
  **Mortality**                  18 (15.9)     78 (69)                17 (15)        0.0001

^a^ Abbreviations: ARF, acute renal failure; IABP, intra-aortic balloon pump; ICU, intensive care unit; PTLC, preoperative total lymphocyte count.

^b^ Data are presented as No. (%) or Mean ± SD.

3.2. Intervention {#sec59586}
-----------------

Data including preoperative demographics, comorbidity, routine laboratory testing, surgical procedure, duration of cardiopulmonary bypass, postoperative requirement for inotropic drugs and intra-aortic balloon pump (IABP), and postoperative indexes of organ dysfunction during ICU stay, were collected.

3.3. Statistical Analysis {#sec59587}
-------------------------

Statistical analyses of the data were performed using SPSS for windows version 21.0 statistical software (SPSS Inc., Chicago, IL, USA). The categorical variables in the three groups were analyzed using chi-square test. In this study, parametric quantitative data were presented as the mean value and standard deviation and quantitative characteristics were described as the number and percentage for each category, for binary characteristics. There was also a 95% confidence interval (CI). Continuous variables were analyzed by one-way ANOVA. Receiver operating characteristic (ROC) curve was used to determine the cut-off point value of PTLC. The area under the ROC curve (AUC) showed this value. The value on the ROC curve was used to find out the maximum value of sensitivity and specificity as the cut-off point value. The percentages of sensitivity and specificity, as well as values of odds ratio (OR) with CI 95% were presented for the cut-off point value. Multivariate logistic regression analysis was used to determine the independent predictors of mortality. In this study, P Value ≤ 0.05 was considered statistically significant.

4. Results {#sec59589}
==========

Out of 1604 patients scheduled for cardiac surgery during six months, 1171 were included in the study. Patients underwent on-pump CABG (n = 674), valvular surgery (n = 363), and CABG + valvular surgery (n = 134). The study groups differed in the type of surgery (P = 0.0001). Of 1171 patients, 765 (65.3%) had PTLC \> 1500 cell/µL, 380 (32.5%) had PTLC of 1001-1500 cell/µL, and 26 (2.2%) had PTLC ≤ 1000 cell/µL. Most of the patients who underwent CABG (n = 522) and valvular surgery (n = 201) were in the PTLC \> 1500 cell/µL group, while most of the patients who underwent CABG + valvular surgery were in the PTLC of 1001-1500 cell/µL group. There were no statistically significant differences between the three groups regarding age and gender ([Table 1](#tbl15202){ref-type="table"}). Analysis of demographic characteristics presented that the number of patients was significantly higher in the PTLC \> 1500 cell/µL group than in the PTLC ≤ 1000 and PTLC of 1001-1500 cell/µL group (P = 0.0001). We found that PTLC ≤ 1000 cell/µL was more frequent in men than women. The number of diabetic patients was significantly higher in the PTLC of 1000-1500 cell/µL group than in the PTLC \> 1500 cell/µL group (P = 0.0001). The lowest mean Ejection Fraction (EF) (32.5%) and the longest mean CPB time (230.04 minutes) were in the PTLC ≤ 1000 cell/µL (P \< 0.001) group, compared with patients with higher PTLCs ([Table 1](#tbl15202){ref-type="table"}).

Variance analysis of complications according to the groups ([Table 2](#tbl15203){ref-type="table"}) showed that patients with PTLC of 1001-1500 cell/µL had the highest rate of complications (P = 0.0001). At the same time, the risk of dialysis-dependent ARF was significantly higher in the PTLC ≤ 1000 cell/µL group compared with the other two group (P = 0.0001). We found significant differences in the frequency of postoperative sternal wound infections and levels of need for inotropic support, and IABP was higher in the PTLC of 1001-1500 cell/µL group than in the PTLC \> 1500 cell/µL group (P = 0.0001). In addition, patients with PTLC of 1000-1500 cell/µL had longer ICU stays and higher mortalities than the PTLC \> 1500 cell/µL group (P = 0.0001) ([Table 2](#tbl15203){ref-type="table"}). The ROC curves of PTLCs were obtained to determine their prognostic values for mortality, infectious complications, postoperative inotropic and IABP support, and dialysis-dependent ARF. The ROC curve results showed that PTLC = 1415 cells/µL is the cut-off point for prediction of mortality with 78.6% sensitivity and 76.2% specificity \[AUC (95% CI) = 0.833 (0.790-0.876); P = 0.0001\] ([Figure 1](#fig11893){ref-type="fig"} and [Table 3](#tbl15204){ref-type="table"}). PTLC = 1492 cells/µL is the cut-off value for prediction of inotropic support requirement with 81.9% sensitivity and 89.3% specificity \[AUC (95% CI) = 0.862 (0.836-0.887); P = 0.0001\]. Cut-off point for prediction of IABP requirement is a PTLC equal to 1375 cells/µL with 81.3% sensitivity and 71.4% specificity \[AUC (95% CI) = 0.827 (0.765-0.890); P = 0.0001\]. The point of parameter separation for infectious complications is 1395 cells/µL with a sensitivity of 84% and a specificity of 86.8% \[AUC (95% CI) = 0.890 (0.863-0.918); P = 0.0001\]. The cut-off value for postoperative dialysis-dependent ARF is 1315 cells/µL with a sensitivity of 88% and a specificity of 90.9% \[AUC (95% CI) = 0.963 (0.946-0.990); P = 0.000\] and PTLC = 1485 cells/µL is the point of separation for prediction of all postoperative complications (morbidity) with a sensitivity of 84.5% and a specificity of 80.2% \[AUC (95% CI) = 0.877 (0.853-0.900); P = 0.0001) ([Table 3](#tbl15204){ref-type="table"}, [Figure 2](#fig11894){ref-type="fig"}). According to the multivariate analysis ([Table 4](#tbl15205){ref-type="table"}), postoperative inotropic and IABP support, dialysis-dependent ARF, and infectious complications, had significant influences on the mortality rate ([Table 4](#tbl15205){ref-type="table"}).

###### Receiver Operating Characteristic Parameters Showing the Value of Preoperative Total Lymphocyte Count on Postoperative Morbidity and Mortality^[a](#fn11815){ref-type="table-fn"}^

                                 Cut-off point for PTLC   AUC (95% CI)          P Value   Sensitivity-Specificity, %
  ------------------------------ ------------------------ --------------------- --------- ----------------------------
  **Inotropic support**          ≤ 1415                   0.862 (0.836-0.887)   0.0001    81.90-89.30
  **IABP support**               ≤ 1375                   0.827 (0.765-0.890)   0.0001    81.30-71.40
  **Infectious complications**   ≤ 1395                   0.890 (0.863-0.918)   0.0001    84-86.80
  **Dialysis-dependent ARF**     ≤ 1315                   0.963 (0.946-0.990)   0.0001    88-90.90
  **Morbidity**                  ≤ 1485                   0.877 (0.853-0.900)   0.0001    84.50-80.20
  **Mortality**                  ≤ 1415                   0.833 (0.790-0.876)   0.0001    78.60-76.20

^a^ Abbreviations: ARF, acute renal failure; AUC, area under the curve; IABP, intra-aortic balloon pump; PTLC, preoperative total lymphocyte count.

![The Receiver Operating Characteristic Curve Showing the Mortality After Cardiac Surgery According to Preoperative Total Lymphocyte Count](aapm-04-03-20331-i001){#fig11893}

![The Receiver Operating Characteristic Curve Showing Morbidity After Cardiac Surgery According to Preoperative Total Lymphocyte Count](aapm-04-03-20331-i002){#fig11894}

###### Predictors of Mortality After Cardiac Surgery Using Multivariate Logistic Regression Analysis^[a](#fn11816){ref-type="table-fn"}^

                                 OR (95% CI)         P Value
  ------------------------------ ------------------- ---------
  **PTLC**                       0.99 (0.98-1.00)    0.037
  **Inotropic support**          6.78 (3.47-13.25)   0.0001
  **IABP support**               2.20 (1.02-4.70)    0.043
  **Infectious complications**   3.01 (1.67-5.40)    0.0001
  **Dialysis-dependent ARF**     2.11 (0.98-4.51)    0.055
  **Operation type**             1.43 (1.04-1.97)    0.028

^a^ Abbreviations: ARF, acute renal failure; IABP, intra-aortic balloon pump; PTLC, preoperative total lymphocyte count.

5. Discussion {#sec59591}
=============

TLC provides an inexpensive, informative index for systemic inflammation and also helps to predict survival after open heart surgery ([@A20331R30]). Several studies have shown that reduction in the lymphocyte count can be associated with a poor prognosis ([@A20331R8]-[@A20331R12]). We hypothesize that a reduced TLC acts as a marker for an ongoing nonspecific atherosclerotic inflammatory process. Lymphopenia has been associated with atherosclerosis progression and major adverse cardiac outcomes ([@A20331R10], [@A20331R31], [@A20331R32]). In the present study, we also found that lymphopenia had strong relationship with lower EF as well as higher inotropic and IABP support of patients, postoperatively. There were significant differences among the mean EFs (%) of the three groups. The lowest EF was in the PTLC ≤ 1500 group, which was coincident with higher IABP insertion and inotropic requirement of the patients. Improved survival associated with a higher lymphocyte count has previously been observed in patients with stable coronary artery diseases ([@A20331R8], [@A20331R9]), those undergoing high-risk angioplasty ([@A20331R8]), and ones with heart failures ([@A20331R20]-[@A20331R23]). Gennari et al. ([@A20331R33]) and Dionigi et al. ([@A20331R34]) revealed that the lymphocytopenia that occurred after major surgery, stemmed from neuroendocrine stress and led to cortisol production, which ultimately caused lymphocytopenia in the peripheral blood. Additionally, decreased lymphocytes observed after myocardial infarction (MI), have been linked to injuries connected with ischemia-reperfusion (IR) ([@A20331R35]). The current data demonstrated that in patients undergoing cardiac surgery with CPB, the total lymphocyte count conveys powerful prognostic information ([@A20331R10]). Similar to a prior study ([@A20331R9]), we observed a close association between low preoperative TLC and prolongation of CPB time. We found that PTLC \> 1500 cells/µL was associated with a significantly shorter CPB time, compared with the others two groups. In this study, low PTLC was associated with higher prevalence of diabetes ([@A20331R28]), renal failure, and infection. This association coincided with the existing literature, describing these conditions as proinflammatory ([@A20331R36], [@A20331R37]). However, based on our study results, PTLC can be used as an independent, separate predictor of postoperative morbidity and mortality, which was not reported by other studies ([@A20331R9], [@A20331R38], [@A20331R39]). On the other hand, it is obvious that malnutrition ([@A20331R24]), severity of cardiovascular diseases, microcirculation impairment, and tissue hypoxia are causes of reducing the amount of PTLC and its functional disorders ([@A20331R26]). Perhaps this can describe the finding that most of the patients in the PTLC ≤ 1000 cells/µL group had valvular heart diseases in the past. Analysis of baseline characteristics according to PTLC showed no correlations between age, sex and PTLC, while according to the data from other studies, elderly patients had a reduced PTLC and lymphocyte function ([@A20331R40], [@A20331R41]). Of baseline characteristics, BMI had a close relationship with low PTLC, which was similar to another study ([@A20331R42]). Of five morbid events, either life threatening or potentially resulting in permanent functional disability ([@A20331R1], [@A20331R43]), we analyzed three morbid postoperative events according to PTLC, including mediastinitis, renal failure, and cardiovascular failure. In the present study, dialysis-dependent ARF was developed significantly more often in patients with a PTLC \< 1500 cells/µL than in patients with a PTLC \> 1500 cells/µL. This result was along with, but more distinguished than other studies ([@A20331R11], [@A20331R44]). There have been modifiable risk factors for sternal wound infection ([@A20331R45], [@A20331R46]). Since PTLC has the key role in the host defense against infection, we expected higher frequency of infectious complications including pneumonia and mediastinitis. However, the frequency of post-operative superficial wound infections was significantly higher in patients with lower PTLCs. The analysis of postoperative characteristics of surviving patients showed that patients with lower PTLCs required longer ICU stays than the ones with PTLC \> 1500 cells/µL, and they had significantly higher morbidity and mortality rates. These findings were in accordance with other studies ([@A20331R47], [@A20331R48]).

In conclusion, PTLC provides a simple, inexpensive, informative, and producible index for systemic inflammation and helps to predict survival after cardiac surgery. In this study, we showed that reduced level of PTLC was directly correlated with mortality and inversely correlated with survival in the post-operative period. However, the large area under the ROC curve indicated that PTLC can be used as an independent, valuable prognostic criterion with high sensitivity and specificity for assessing the risk and evaluating the postoperative morbidity and mortality in cardiac surgery. Nevertheless, detailed mechanisms responsible for correlations between the preoperative PTLC and cardiovascular morbidity and mortality remain unknown; to illuminate this phenomenon, subsequent prospective studies are required.

5.1. Limitations {#sec59590}
----------------

This was a single-center study with patients who were retrospectively enrolled from our database. Further studies are needed to explain the mechanism and evaluate the therapeutic applications of these findings. The use of morbidity and mortality as a primary end-point provides an objective measure of the outcome. On the other hand, no data were obtained about other important morbidities such as perioperative myocardial infarction or stroke. Data are also lacking about pre- and post-operative medications, heart failure functional class, and hemodynamic types of heart disease, which may have influenced the outcome of patients and possibly the PTLC itself.

Because of these limitations, some data that could influence the mortality rate were not involved in the present study. Despite these limitations, the current data demonstrated a clear relationship between PTLC and survival after cardiac surgery. Importantly, this prognostic utility is independent of other well-recognized individual risk factors. The unsolved problems listed previously showed that further investigations in this field are urgently needed.
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**Implication for health policy makers/ practice/ research/ medical education:**Identification of risk factors for increased perioperative morbidity and analysis of the risk-adjusted morbidity for cardiac surgery may provide valuable information, which may subsequently be used to improve the quality of care. Preoperative total lymphocyte count is a predictor of adverse major cardiovascular outcomes.
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